REMARKS 

Entry of the foregoing and favorable reconsideration of the subject application, 
as amended, pursuant to and consistent with 37 C.F.R. Section 1.112, and in light of 
the remarks which follow, are respectfully requested. 

By the present amendment, the specification has been amended to provide 
the SEQ ID NO for the nucleotide sequence of Figure 2B (human nCL1 cDNA). 
Furthermore, by the present amendment, claims 1 , 4, 5, 7, 8, 15 to 18 and 20 have 
been amended to further clarify the present invention. Claims 9 to 14 and 19, 21 and 
22 have been cancelled since they are directed to a non-elected invention. Claim 6 
has also been cancelled. However, Applicants reserve their rights to file a continu- 
ation or divisional application directed to this cancelled subject matter. 

Another copy of the table of contents for LAND Medicament (Axel Kahn ed., 
John Libbey Eurotext, 1993) is enclosed for the Examiner's consideration. The DNA 
sequences of the invention are not found in this book. Instead, page 5, lines 6 to 9, of 
the specification refers to L'AND Medicament describing vectors for gene therapy. 

The disclosure has been objected to since the SEQ ID NO is missing from the 
paragraph 3 at page 6 of the present application. The specification has been 
amended to insert the SEQ ID NO corresponding to the nucleotide sequence. There- 
fore, this objection should be rendered moot by the above amendment of the 
specification. 

Claims 15 to 17 have been rejected under 35 U.S.C. §112, first paragraph as 
lacking written description. This rejection has been obviated by amendment of claims 
15 to 17; i.e., the recitation of the flanking sequences has been deleted these claims. 
However, Applicants reserve their rights to file a continuation or divisional application 
directed to this cancelled subject matter. 

In view of the above, withdrawal of this rejection is respectfully requested. 



6 



Claim 20 has been rejected under 35 U.S.C. §112, first paragraph as lacking 
enablement. This rejection is respectfully traversed. 

Claim 20 is directed to a pharmaceutical composition for treating LGMD2 
disease which comprises a nucleic acid sequence coding for a calcium dependent 
protease enzyme or a host cell transformed with said nucleic acid sequence or an 
amino acid sequence encoded by said nucleic acid sequence. 

In rendering this rejection, the Examiner purports that absent any teaching or 
guidance in the specification, the skilled practitioner in the art would be subjected to 
undue experimentation in attempting to practice the claimed pharmaceutical compo- 
sition for the treatment of an LGMD2 disease. 

Thus, the issue to be addressed with respect to this enablement rejection is 
whether the skilled artisan can practice Claim 20 of record without undue experimen- 
tation. The legal criteria for evaluating the undue experimentation issue are set forth 
in In re Wands, 858 F. 2d 731, 8 USPQ 2d 1400 (Fed. Cir. 1988) and are the 
following: 

(1) the quantity of experimentation necessary; 

(2) the amount of direction or guidance presented; 

(3) the presence or absence of working examples; 

(4) the nature of the invention; 

(5) the state of the prior art; 

(6) the relative skill of those in the art; 

(7) the predictability or unpredictability of the art; and 

(8) the breadth of the claims. 

Although the Examiner has addressed points (2) and (3) above in the Official 
Action, and relies on Orkin et al. (of record) to deem that gene therapy is unpredict- 
able, addressing point 7 above, the Examiner has failed to address the other points 
set forth in In re Wands, supra. 

It should be said that the state of the prior art with respect to retroviral and 
adenoviral, as well as other constructs for gene therapy purposes was well 
established prior to the filing of the present application. This is evidenced by Orkin et 
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al. in Tables 1 and 2, which disclose the various vector systems which were currently 
in use or under consideration for gene therapy prior to December 1995. Table 2 of 
Orkin et al. discloses that 106 clinical trials involving gene transfer were underway in 
the U.S. alone. One-hundred and six clinical trials are a good indication that the state 
of the art, as well as the relative level of skill of those in this art, was very high at the 
time of filing of the present application. 

Since the level of skill and the state of the art was at such a high level, the 
amount of direction and the presence or absence of working examples was not set 
forth in great detail in the present patent specification. Furthermore, it is not neces- 
sary to provide well known techniques as indicated in Hybritech, Inc. v. Monoclonal 
Antibodies, Inc., 802 F2d 13107, 1384, 231USPQ 81.94 (Fed. Cir. 1983) cert denied, 
480 U.S 94 (1987) where the Federal Court stated: 

A patent need not teach and preferably omits, what is well 
known in the art. 

Furthermore, the breadth of Claim 20 is not that large that the skilled artisan 
cannot reproduce it. The specification provides enough guidance to obtain the 
isolated nucleic acid sequences of claim 1 and the isolated amino acid sequence of 
claim 5. These sequences are in fact set forth in the specification. 

Moreover, a host cell transformed or transfected with the nucleic acid of claim 
7 was easily obtained by the person skilled in the art at the time of filing this 
application as evidenced, for example in Orkin et al., Table 1, Annex I and Annex II. 
To make a vector construct and express a protein using nucleic acid sequences was 
simply common general knowledge and routine practice. 

Thus, what remains in this evaluation is whether the art was predictable or 
unpredictable. Applicants submit that the art was not as unpredictable as the 
Examiner purports. The Examiner relies on Orkin et al. (1995) and states that this 
reference "reviewed the state of gene therapy art and reported that, among other 
problems, '[ejfficacy has not been established for any gene therapy protocol.'" 
However, since no efficient protocol has been established does not mean that gene 
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therapy is unpredictable. Indeed, the explanation given for this phenomenon in Orkin 
et al. is that the patients in the trials were previously treated with other medications, 
so it was difficult to measure the extent of gene therapy treatment. 

Furthermore, the Examiner relies on the fact that Orkin et al. discloses "low 
frequency of gene delivery to target cells and the lack of definable biochemical or 
clinical endpoint." However, the disclosure of low frequency of delivery is irrelevant in 
the present case, since LGMD2 disease is a disease of the muscle and thus a person 
skilled in the art would contemplate directly injecting into muscle cells the nucleotide 
sequence, amino acid sequence or the host cells set forth in Claim 20. 

Indeed, successful gene deliver was attained in muscle cells by direct injection 
as indicated in Annex I (Quantin et al.) and Annex II (Stratford-Perricaudet et al.). 
Thus, Quantin et al. demonstrate expression of a recombinant adenoviral vector in 
muscle cells. Stratford-Perricaudet et al. also demonstrate a long term gene transfer 
to mouse and skeletal muscles. Both of these articles had publication dates of 1991 
and 1992, respectively; i.e., two and three years prior to the filing date of the present 
invention. Thus, Applicants submit that the unpredictability in the art was not high as 
the Examiner maintains. 

The Examiner also mentions in the Official Action that there are no set 
dosages and no disclosed vector constructs for gene therapy set forth in the 
specification. However, relying on the state of the art for the previous clinical trials 
known in the art at the time of filing of the application, a skilled artisan would know 
what the general dose ranges were and repeat administration of the various dosages 
known in the art would be considered simply routine. Furthermore, the specification 
does refer to a book for guidance in the manner to make the vector construct. Also, 
the art at the time of filing the application discloses a variety of vector constructs that 
can be used in gene therapy, as evidenced by Quantin et al. and Stratford- 
Perricaudet et al. 

The Examiner deems that the specification fails to identify any biochemical or 
clinical endpoints of the proposed gene therapy using the Claim 20 composition. 
However, pages 22 and 23 of the specification describe various methods that can be 



9 



used to detect LGMD2. A skilled artisan, once the therapy of injections has started 
could monitor the progress of the therapy, which is simply routine practice. 

Hence, the quantity of experimentation that is necessary to obtain the vector 
construct used in the composition for gene therapy and the dosage would be a 
matter of routine and hence would not be considered undue experimentation. 

Therefore, when evaluating undue experimentation according to In re Wands, 
supra, Applicants that the specification provides enough guidance to make the 
particular compositions set forth in Claim 20 and the prior art and relative skill of 
those in the art prior to filing the present application provides enough guidance such 
that Claim 20 is in fact enabled. 

Finally, Applicants are enclosing herewith Annex 3, which demonstrates 
calpain 3 transfer in muscle using an AAV vector resulted in sustained calpain 3 
expression with a localization of the protein. Please note that calpain 3 is described 
at least on page 4, lines 15 to 18, and forms a part of the present invention. 

If the Examiner would like this data presented in the form of a Declaration, 
Applicants will gladly furnish one. 

Thus, Applicants submit that the present invention is enabled for 
pharmaceutical composition for the treatment of an LGMD2 disease. 

Therefore, in view of the above, withdrawal of this rejection is respectfully 
requested. 

Claims 1 to 8 and 12 to 20 have been rejected under 35 U.S.C. §112, second 
paragraph as being indefinite. This rejection has been obviated by the amendments 
of claims 1 to 8, 15 to 18, and 20 according to the suggestions of the Examiner. 

More specifically, as suggested by the Examiner, the terms "still" and "said" 
are no longer recited in claim 1. Furthermore, in claim 15, the term "such" has been 
replaced by -the-. In claims 16 and 18, the term "derived from" has been replaced 
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by -obtained from-. Claims 15 to 18 have been amended and no longer recite 
nonelected subject matter. 



In view of the above, withdrawal of this rejection is respectfully traversed. 

Claims 1 and 5 to 7 have been rejected under 35 U.S.C. § 102(b) as allegedly 
anticipated by Sorimachi et al. (J. Biol. Chem. 264: 20106-20111, 1989). This rejec- 
tion has been obviated by the amendment of claim 1 (c) and cancellation of claim 6. 

In view of the above, withdrawal of the rejection pursuant to 35 USC § 102 (b) 
is respectfully requested. 

From the foregoing, favorable action in the form of a Notice of Allowance is 
respectfully requested and such action is earnestly solicited. 



Respectfully submitted, 
NIXON & VANDERHYE 




By: 



1 100 North Glebe Road, 8th Floor 



Arlington, VA 22201-4714 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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Adenovirus as an expression vector 

in muscle cells* Application to dystrophin 

Beatrice Quantin <*>, Michel Perricaudet Shahragim T&jbakhsh <3> f 
Margaret Buckingham <*> and Jean-Louis Man del ft> 

(ULGME/CNRS-mSERSf U184. Imttitut <U ChimU Bioiogique, SI, rut Humann, 67085 Strasbourg Cedex, 
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Ce<fcx, France; (*>CNRS UA04U49. UniU <U Gtnttique du Diveloppenusnt. Dtpnrtament de BUUqgle MoU- 
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SU MMARY 

X recombinant adenovirus was constructed to target gene expression in muscle 
cells. Using 3-galactos idase as a reporter gene, we were able to detect its 
expression in myotubes after infection of established cell lines and muscles of 
newborn mice, 

I NTRODUCTION 

Adenovirus has been shown to b« a candidate vector for gene therapy (1,2). We are 
investigating its potential for muscle diseases. Its advantages include a large 
host range (and thus the possibility to use the animal models available for 
Ouchenne Muscular Dystrophy), the capacity of the vector for foreign ONA (at 
present 7 lebp, but in principle >30 kbp, thus compatible with the siza of the 
dystrophin coding sequences), and a low pathogenicity in man. 

METHOOS 

The recombinant virus was obtained as shown in Fig.l, and assayed on myogenic 
cell lines from mouse (C2.7) and rat (L6). 

Newborn mice were infected by the intramuscular route; muscles were embedded in 
paraffin and sectioned after 0-galactos idase detection (3). 

RESULTS AND DISCUSSION 

We have constructed a recombinant adenovirus where fl-galactos idase is under the 
control of a mouse skeletal a-actin promoter reinforced by an enhancer from a 
mouse myosin light chain gene (MIC1-3F). 

fj-galactos idase expression was detected in infected myogenic cells and in mice 
muscle (Fig. 2), but not in N1H3T3 fibroblasts. An expression was obtained even 
when fused myoblasts cultures were infected, suggesting that myotubes themselves 
can be infected. 

The regulatory sequences we used should be suitable to direct muscle specific 
expression of a "min idystroph In" resembling that described in a family with mild 
Becker Muscular Dystrophy (4). 

REFERENCES 

1. Chasse J.F. , et al. ( (]989), Medecine/Sciences , 5. 331-337. 

2. Stratford-Perricaudet L.D., et al., (\990) , Human Gene Therapy, 1, 241-256. 

3. Lngland S.B.. et al., (1990), Nature, 343, 160-182. 

4. Sanes J. ft. . Rubenstein J.L.R., and Nicolas J.F., (1986), EM80 J.. 5, 
3133-3142. 
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Abstract 

Successful treatment of muscular disorders awaits an adapted 
gene delivery protocol. The clinically applicable technique used 
for hematopoietic cells which is centered around implantation 
of retrovirally modified cells may not prove sufficient for a re- 
versal of phenotypa when muscle diseases are concerned. We 
report here efficient, long-term in vivo gene transfer throughout 
mouse skeletal and cardiac mnscles alter intravenoff^minis* 
nation of a recombinant adenovirus. This simple, direct proce- 
dure raises the possibility that muscular degenerative diseases 
might one dny be treatable by gene therapy- (/. Clin, Javesv 
1992. 90:626-630.) Key words: adenovirus * gene therapy • 0- 
gahecosidase • muscular disease - eukaryotic viral vector 

Introduction 

The first genetic disorders amenable to gene transfer-based 
treatment will be monofactorial diseases. The vast array or tar- 
get tissues translates the need for the development of appro- 
priate, efficient gene transfer vehicles. The ability of retrovi- 
ruses to integrate into the host genome has led to their use in ex 
vivo treatment protocols. Because those cell types capable of 
withstanding extraction, in vitro manipulation, and, finally, 
reimplantation are quite limited, other strategies need to be 
explored. Furthermore, the requirement retroviruses have for 
host cell proliferation constitutes an important drawback of 
such vectors and limits their applicability. Many targets rele- 
vant to human disease (liver, lung, muscle, neurons) will re- 
quire other means of gene transfer. 

Efficient and long-term expression of genes adenovirally 
transduced has recently been reported in hepatocytes and bron- 
chial epithelium of animals (1 -3), showing that the adenoviral 
vector is capable of transferring genes to nondividing or slowly 
proliferating cells. To investigate other potential targets for re- 
combinant adenoviral vectors, we have constructed a recombi- 
nant adenovirus expressing a nuctearly targeted reporter en- 
zyme (Ad.RSVflgal). The^rapid in situ detection of the nu- 
clearly targeted 0-galaciosidase allows an unambiguous and 
precise appreciation of adenoviral-roediated gene trans- 
fer (4, 5). 
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Methods 

Construction qf recombinant plasmid ptAdJtSVpgol, The pAd,R$V. 
Igal is a pMI^2 derivative where the nls lacZ gene with the SV40 early 
region poryadenybrion signal (5, 6) driven by the Rous sarcoma virus 
long terminal repeat (RSV LTR) 1 is inserted downstream of 1.3 map 
units <ntu) (PvuH she) from the left end of the adenovirus type 5 (Ad5) 
genome. The reporter gene is followed by xnu 9.4-17 (BglH-Hindlll 
fragment) of Ad5 to allow homologous recombination with the adeno- 
viral genome for the generation of the recombinant adenovirus (Fig. 1 1 

Construction ofrecombirtaid adenovirus Ad JtSV&g<iL The recombi- 
nant adenovirus was constructed by in vWo homologous recombina- 
tion (7) in 293 ceils (8) between plasmid pAdJCSVpgal and Ad <U32? 
(9) genomic DNA- Briefly* 293 cells were cotransfected wiib 5*g©f 
linearized pAdJISV/sgal and 5 Mg of the large CUI fragment (2,6-100 
rou) of Ad5 DNA. After overlaying with agar and incubation for lOdat 
37 °C plaques containing recombinant adenovirus were picked and 
screened for nuclear 0-gaiactosidasc activity. The recombinant virus 
was propagated in 293 cells and punned by cesium chloride density 
cemrifuganon. Tito of the viral slocks were determined by plaqif 
assay using 293 cells. 

Injection of mice. 2?ju> 5-d-old «^p^ft|^p^W^ ^^V 6 
x DBA) were injettotfeither inn^venoi^^y or intramuscularly (ito) 

(quadriceps) with 2f^fl jd of hi&hjy j^ 
AdJtSV0gal ( 10" rilaque^ormngunhs (pfu]/ml). 

Escherichia coU frgalactosidasc assay. Organs from killed animals 
were fixed in 4% p-formaldehyde in PBS for 3 0 min. After rinsing they 
me incubated overnight at 30°C in X-gfU solution (2 nM) (6). Whole 
specimens woe flash fioseo in tsopeniane in liquid nitrogen ami 
mounted in OCT compound (Miles Laboratories Idc, NaperyUlc, IL) 
for ciyoseciioning. Sections (10 Mm thick) were fixed 10 min in p-tor* 
maldehyde as described for organs, rinsed, and incubated with X-gal 
substrate, Sections were then counterstained with hematoxylin and eo- 
siu according to standard methods. Muscle was dissociated after whole 
organ staining to obtain isolated myonbers that were then coumer- 
5taincd with hematoxylin and eosin. Urine and fecal matter were col- 
tecied at 2 h or 22 d after iv injection snd exposed to 293 cells. After 24 
h of incubation at 37°C the cells were fixed and stained with X-&.V 
solution. 

DM analysis of animals. The heart, lung, liver, and quadnccp 
muscle from mice tv-injectcd with the recombinant adenovirus 
Ad.RSV£gal were minced lnfffliquid Nj and ground with a mortar and 
pestle. Total cellular DNA was prepared as described (10) and I0jig°f 
either undigested or HindlD-digcsted DNA was subjected toelectropho- 
resis in a 0.8% agarose get Southern blot analyses (Fig 4 A) were per- 
formed using either a Sall-BamHl fragment containing LacZ from 
pGEM-nlsLacZ (6), or a fiagment from the pA<LRSV/5gal plasmid con- 
taining the RSV promoter and the upstream adenovirus sequent 
(Fig 4 B) to screen for the presence of the recombinant adenovirus. 
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I. AbbWiOii&is used fa this papm Ad5* ad^ovirus type 5; DMD, 
Ouchenne muscular dystrophy: mu. map units: pro, piique-formms 
units; RSV LTR, Rous sarcoma virus long terminal repeal. 
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Figure J. Detailed analysis of gene transfer into skeletal muscle after iv injection of AcLRSVfeai. Gene expression was assessed 5 mo after in- 1 
: -oion by histochemieal staining for nuclear /3-gaisciosidasc activity. (A) Dorsal skeletal musde (X40); {B) isolated dorsal muscle fiber iXAQ). 

.Towhcads indicate two centers of expression. (Z>) Enlargement of boxed area in B (x2S0y A dark blue source nucleus is surrounded by nuclei 
of varying intensity of blue staining. {€) Enlargement of center of expression shown in D (X500). Arrowheads indicate source nucleus and nuclei 
of immediate vicinity. 



may, nevertheless, have too many drawbacks for it to be appli- 
cable to the treatment of disease. As the migratory capacities of 
precursor cells are restricted to a few millimeters, cell implanta- 
tion would necessitate millions of injections during hours of 
anesthesia. Inevitably, immunological problems would be en- 
countered, as with any graft. Furthermore, large scale require- 
ments for human myogenic cells constitute a practical limita- 
tion. In addition, the treatment of Duchcnnc muscular dys- 
trophy (DMD) not only calls for therapy for skeletal muscles, 
but for myocardial cells too. It is difficult to envisage cell ther- 
apy as a means to provide relief to such an array of diseased 
ceil*. 

The concept ef somauegene therapy will more than likely 
provide the roost promising solution in the future. Impor- 
tantly, iis scope goes beyond the treatment of muscle disease, 
since it is applicable to a large number of genetic disorders. The 



direct introduction of punned nucleic acids into various organs 
in vivo is attractive due to its simplicity, but again, practical 
obstacles may limit its development. Furthermore, the resul- 
tant gene expression in muscle remains localized to the point of 
injection of DNA (13) and seems to be quite limited in dura- 
tion, particularly in cardiac muscle (14). Interestingly, all other 
organs tested proved to be nooreceptive to DNa iransfection. 
Thus, a method allowing a more widespread distribution of 
stable gene expression would be of invaluable importance to 
gene therapy in general. 

The present report demonstrating the feasibility of adenovj* 
ruvmediatcd direct in vivo gene transfer into myocytes of mice 
has serious implications for treatment of muscular disorder* 
including heart diseases. The proportion of skeletal and myo- 
cardial cells expressing th transferred gene is more in keeping 
with that probably required for a reversal of disease state. It is 
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figure 4. Snvthere blot 
analyses. AU lanes eon- 
tain 10 orHmdO- 
digested tissue DNa hy- 
bridized cither whh a 
Lac Z probe W) or with 
a probe specific far the 
left end of the recomtri- 
aant virus Tin 
corresponds to the DNA 
of a transgenic mouse 
which contains one 
copy/cell of a L*cZ 
jgene. DNA&om the 
hean (flTXKvcrtfv), 
skeletal musde (M\ 
and lung of a 
mouse killed at 10 d 
after injection woe analyzed. H2S corresponds to heart DNA from a 
moose killed 12 mo pi Sfee markers (MW) arc shown in Jrilotasc* 
pairs in the right margin. 

expected that the percentage of recipient cells be a function of 
the quantity of injected virus per animal weight. The possibility 
to obtain very high titers of adenovirus makes h conceivable to 
increase the input of virus for larger animals. The remarkable 
stability of expression observed (at least 12 mo), notwithstand- 
ing the extrachromosainal state of the vector, would be of safe 
therapeutic value. 

An important distribution of the putative therapeutic DNA 
is a prerequisite for die treatment of muscular d is eases like 
DMD> This can dearly be achieved when a recombinant adeno- 
virus is administered intravenously since in this case dispersion 
of the vector occurs throughout the animal In contrast, the 
direct in tram oscular injection of a recombinant adenovirus 
can only lead to a localized gene transfer. It is noteworthy that 
gene transfer is successful not only in neonatal animals, but 
also in adults (albdt to a lesser extent), thus opening the route 
to gene therapy of diseases clinically diagnosed later in life. 

Importantly, adenovirus can carry tissue-specific pro* 
moters, consequently restricting the actual sites of expression 
of the exogenous gene (16, 17). Moreover, the important clon- 
ing capacity of the adenovirus vector makes realistic and prom- 
ising the construction of a recombinant adenovirus harboring 
the dystrophin gene. The recent report showing that expression 
of dystrophin can correct one of the effects of dystrophin defi- 
ciency (15), can only stress the urgency of an adapted vector. 
Taken together, the potentials of adenovirus along with its 



Figure 5. Southern blot 
analysis. Lane J, \0^s 
' * of undigested tissue 

» adenovirus DNA prepared from a 
control heart; lane 2, 
10 tig of undigested tis- 
sue DNA prepared from 
the heart of as experi- 
mental mouse injected 
intravenously 3 mo pre- 
viously. Size markers 
(Lambda/Hindlll) are 

show* in !ti)a|£gffiaifs 
in the left margin, and 
arrows in the right margin indicate loading wells and adenovirus size 
marker. 




proven capacities, render thi* virus ? mort interesting gene de- 
livery system f r ihe ueatnumt of tbr imponan* hereditary hu- 
man d'seasc, DME\ The cjLSuuction v»an adenovirus harbor- 
ing the dystrophin cDNA is now in progress in the laboratory. 
If such a virus is to be used in humans, safety aspects should be 
addressed concerning viral dissemination in the local environ- 
merit. In this regard, ft is noteworthy that no AdRSVggal yinu 
could be detected in urine and fecal matter after intravenous 
inoculation of the recombinant adenovirus even though a nu- 
clear Lac Z expression could be detected not only in the 
smooth muscle of the intestine (Fig. 2 E) 9 but also occasionally 
in a few epiu^dial cells of this organ (data not shown). 1 
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ANNEX m 



Data supporting the possibility to use calpain 3 gene transfer for gene therapy of 
calpainopathies (USMD2A) 

Introduction 

Calpainopathy (LGMD2A for limb girdle muscular dystrophy type 2A) is a recessive muscular 
disorder caused by deficiency in calpain 3, the muscle specific member of calpain family. At present, 
no treatment has been proved to be effective for this disease. In the murine model for LGMD2A, we 
evaluated the potential of intramuscularly delivered adeno-associated virus (AAV) for gene therapy.. 
rAAV vectors carrying the calpain 3 cDNA under the influence of a synthetic muscle-specific 
promoters were constructed. In vivo transfer efficiency was monitored by RT-PCR quantitative 
analysis of transgene expression and immunohistochemistry detection of the transfered protein. AAV 
vector administration resulted in sustained calpain 3 expression with a correct localization. 

Methods 

The complete coding sequence of murine Calpain 3 was obtained by restriction from a previously 
constructed plasmid and cloned under the influence of a synthetic muscle specific promoter into a cis- 
acting AAV plasmid. 293 cells were transfected with this vector and AAV helper plasmids containing 
the rep and cap genes. Cell lysates were harvested 72 h following transfection and purified by cesium 
chloride gradient centrifugation followed by dialysis. Physical and infectious particle levels were 
determined by the dot blot method and RCA test, respectively. Normal 129SV and calpain-deficient 
mice were injected with the AAV preparation in 20 ul of saline serum into the tibialis anterior muscle. 
The AAV and controlateral muscles were isolated and frozen in liquid nitrogen-cooled isopentane. 
Total RNA was extracted from muscles by Trizol method. Determination of transferred calpain 3 
mRNA level was performed by real time PCR using specific primer pairs and probes. For the 
immunohistochemical study, 10 uM transverse or longitudinal cryosections from frozen muscles were 
incubated with 1/200 dilutions of calpain 3 primary antibodies Revelation was performed using a 
goat anti-rabbit secondary antibody diluted 1/100, and a tertiary donkey anti-goat antibody 
conjugated with a fluorogenic dye diluted 1/1000. Sections were visualized on a confocal microscope. 

Results 

Real-time RT-PCR analysis of calpain 3 expression. 



A rAAV carrying the calpain 3 cDNA under the influence of a muscle-specific promoter was directly 
injected into muscle of calpain 3 deficient mice. Muscles were sampled at 1, 2 and 5 weeks. After 
isolation of RNA, evaluation of the level of mRNA expressed by the injected vector was performed by 
specific real-time RT-PCR. Messenger copy number was determined by comparison to a standard 
curve obtained using serial dilutions of a control plasmid. Expression was determined to reach a level 
of approximatively 100 copies per cell 2 weeks after injection. This is to be compared to the natural 
level of calpain 3 in muscle, which was previously determined to be between 100 and 1000 copies per 
cell. 

Figure 1: Copy number of messenger expressed by a rAAV calpain 3 vector 1, 2 or 5 weeks after 



injection. 

Immunodetection of calpain 3 protein in longitudinal section of injected muscle 

Sections of injected muscles of calpain 3 deficient mice were analyzed by immunohistochemistry for 
detection of transferred calpain 3 protein. A staining that was clearly of sarcomeric pattern in some 
fibers was visualized. As the calpain 3 protein due to its binding to titin, the giant protein of the 
sarcomere was previously detected at the same location, this result suggests that the transferred 
protein is correctly localized. 

Figure 2: Detection of calpain 3 protein (in blue) in a muscle 5 weeks after injection. 
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Conclusion 



Calpain 3 transfer in muscle using AAV vector resulted in sustained calpain 3 expression with a 
correct localization of the protein. These results support the idea that it is possible to use calpain 3 
transfer as a therapeutic strategy. 
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